Bifidobacterium catulorum sp. nov., a novel taxon from the faeces of the baby common marmoset (Callithrix jacchus) 
Bifidobacteria are Gram-positive, anaerobic, non-sporeforming, acetate-and lactate-producing bacteria belonging to the phylum Actinobacteria. They are ecologically distributed in six niches, encompassing human, insect and animal intestine, human and animal oral cavities, sewage, and food [1] [2] [3] [4] [5] [6] [7] [8] . All these niches are directly or indirectly linked to the human/animal intestinal environment. Bifidobacteria are generally regarded as host-species-specific micro-organisms with a quite variable occurrence and species composition in different animals, suggesting a clear separation between 'human' and 'non-human' groups [1, 9] . Bifidobacteria are often associated with health-promoting effects [10, 11] such as maintaining appropriate balance of the gut microbiota, reducing the risk of pathogen infection and modulating the immune system [12] .
Recently, the presence and distribution of bifidobacterial species among Prosimians, such as New World monkeys, have been demonstrated. Endo et al. [13] firstly described two new species of bifidobacteria from the faeces of a common marmoset (Callithrix jacchus L.) viz. Bifidobacterium reuteri and Bifidobacterium callitrichos, and three new species from the faeces of a red-handed tamarin (Saguinus midas L.) viz, Bifidobacterium biavatii, Bifidobacterium stellenboschense and Bifidobacterium saguini. We have recently highlighted the heterogeneous bifidobacterial population in the Callithrichidae, which was found to be distinct from the bifidobacterial populations in other Primates. We have described four novel species, from the faeces of five baby subjects of the common marmoset viz. Bifidobacterium aesculapii [14] Bifidobacterium myosotis, Bifidobacterium tissieri and Bifidobacterium hapali [9, 15] . The presence of Bifidobacterium callithricos and B. myosotis was also confirmed in one adult subject of the cotton top tamarin (Saguinus oedipus) and in one adult subject of the emperor tamarin (Saguinus imperator; unpublished data). T with closely related species (3298 nt). The tree was reconstructed by the maximumlikelihood method and the sequence of Mycobacterium tuberculosis H37Rv was used as an outgroup. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches. Bootstrap percentages above 70 are given at the branching points.
Here, we report the results of a taxonomic study of a further representative of the baby common marmoset bifidobacteria. Bacterial strains were collected from faecal samples of five baby common marmosets and studied as previously described [15] . In the present study, the morphological, biochemical and molecular characterization of the isolate MRM 8.19 T was carried out.
Chromosomal DNA was extracted as previously reported [15] . The partial 16S rRNA, hsp60, clpC, dnaG, dnaJ and rpoB gene sequences of strain were amplified by PCR using the primer pairs and conditions stated in Michelini et al. [16] .
The 16S rRNA gene sequence (1498 bp) of strain MRM 8.19 T and of its closest relatives retrieved from the DDBJ/ GenBank/EMBL databases were aligned using CLUSTAL Omega in a CLC Sequence Viewer (1328 nt). A phylogenetic tree based on a total of 65 partial 16S rRNA gene sequences, including those of members of the genus Bifidobacterium and of related genera, was reconstructed with the maximum-likelihood [17] method and the evolutionary distances were computed by using Kimura's two-parameter method [18] using MEGA version 6.0 [19] . The tree was rooted using Micrococcus luteus DSM 20030 T (Fig. 1) . The statistical reliability of the tree was evaluated by bootstrap analysis of 1000 replicates [20] (Fig. 1) .
Strain MRM 8.19
T showed low 16S rRNA gene sequence similarities to known bifidobacteria and the highest value, 95.8 %, was found to B. tissieri DSM 100201
T .
Based on the maximum-likelihood [17] analysis, the novel strain was found to be phylogenetically related to B. tissieri DSM 100201 T (Fig. 1 ).
Multi-locus sequence analysis (MLSA) is a reliable and robust technique for the identification and classification of bacterial isolates to the species level, representing an alternative to 16S rRNA gene sequence analysis [21] . Thus, the phylogenetic location of the novel strain was verified by the analysis of five genetic markers (hsp60, rpoB, dnaG, dnaJ and clpC) which have proven to be discriminative for the classification of the genus Bifidobacterium [22] [23] [24] .
Partial hsp60, clpC, dnaG, dnaJ and rpoB gene sequences of strain MRM 8.19 T and those of its closest relatives were retrieved from the DDBJ/GenBank/EMBL databases or directly sequenced and then aligned by using the MAFFT program, at CBRC (http://mafft.cbrc.jp/alignment/ software/) [25] . Gblocks version 0.91b, a server tool at the Castresana Laboratory (http://molevol.cmima.csic.es/castresana/Gblocks_server.html) was employed to delete poorly aligned positions and divergent regions of DNA alignments, so that they became more suitable for phylogenetic analysis [26] .
The concatenation of gene sequences has been shown to be extremely useful in order to infer bacterial phylogeny. Thus, to conduct MLSA, the five housekeeping gene sequences were concatenated, yielding approximately 3298 bp positions. The maximum-likelihood method, with Kimura's two-parameter substitution model, was used to reconstruct a phylogenetic tree based on the concatenated sequences in MEGA version 6.0. The statistical reliability of the tree was evaluated by bootstrap analysis of 1000 replicates (Fig. 2) .
The level of similarity for the partial housekeeping gene sequences of strain MRM 8.19 T in relation to the type strains of its closest phylogenetic relatives was calculated using the LALIGN (Figs 1 and 2 ).
The G+C content estimation in bacterial chromosomal DNA of strain MRM 8.19 T was performed by the DSMZ Identification Service (Braunschweig, Germany). Briefly, DNA was purified on hydroxyl apatite according to the procedure of Cashion et al. [27] and was enzymatically hydrolysed by following the method of Mesbah et al. [28] . The resulting deoxyribonucleosides were analysed by high-performance liquid chromatography [29] . Type strain MRM 8.19 T showed a G+C content of 63.7, a value being within the G+C content range of the genus Bifidobacterium (52-67 mol%) [8, 30] . Morphological, cultural and biochemical characterization of the isolate according to standard techniques were performed anaerobically at 37 C unless otherwise stated [8] .
The morphology of cells of strain MRM 8.19 T , as revealed by phase-contrast microscopy, is shown in Fig. 3 .
Optimal growth conditions of the strain were determined in tryptone, phytone, yeast extract (TPY) broth after 48 h of DNA G+C content 63.7 mol% 63.7 mol%
incubation at different temperatures and at different pH in anaerobic conditions, as previously described [16] . Strain MRM 8.19 T was found to be able to survive and grow in aerobic conditions. For the tested strain, the best growth was obtained in TPY broth pH 7.0 at 37 C in anaerobiosis.
Haemolytic activity was determined in Columbia blood agar (Biolife) at 37 C under anaerobic conditions for 48 h [31] .
Gram staining was assessed using cells grown on TPY agar at 37 C under anaerobic conditions for 48 h, with Gram staining individual reagents (Merck Millipore). Motility assay, catalase and oxidase activities were performed according to Modesto et al. [32] .
To test for gelatinase activity, strain MRM 8.19 T was cultivated in nutrient gelatin (Oxoid) at 37 C under anaerobic conditions for 48 h.
Isolated strain MRM 8.19 T and related species, viz. B. tissieri DSM 100201
T , was also investigated for substrate utilization and enzyme production with API 50 CHL and Rapid ID 32 test kits (BioM erieux). The results are summarised in Table 1 .
Bifidobacteria and members of related genera possess fructose-6-phosphate phosphoketolase (F6PPK), the enzyme degrading hexose via the F6PPK pathway, which is considered as taxonomic marker for identification of Bifidobacterium and related genera [8] . Detection of F6PPK activity was carried out according to the method described by Orban and Patterson [33] . Strain MRM 8.19 T showed F6PPK activity.
Following the protocol of Schumann [34] , the cell-wall murein composition of strain MRM 8.19 T was examined by the DSMZ Identification Service.
The amino acids ornithine, alanine, glutamic acid and serine were found in the total hydrolysate of the peptidoglycan (4 N HCl, 16 h at 100 C). Quantitative analysis resulted in the following approximate molar amino acid ratios: 1.5 Ala; 1.0 Ser; 0.9 Orn; 2.4 Glu; 0.1 Lys. Therefore, the peptidoglycan type of MRM 8.19 T was an A3b with an interpeptide bridge comprising L-Orn (Lys)-L-Ser.
Analyses of polar lipids was performed by the DSMZ Identification Service using the methodology described previously [35] .
Cellular polar lipid analysis revealed the presence of diphosphatidylglycerol, six different glycolipids and two unidentified phospholipids (Fig. S1 , available in the online version of this article).
Based on the phylogenetic analyses of the 16S rRNA, hsp60, rpoB, dnaG, dnaJ and clpC partial gene sequences, and according to other data recognized and to minimal standard guidelines [36] , the studied strain was found to be genetically and phenotypically discernable from the currently recognized species of bifidobacteria, and thus represents a novel taxon for which the name Bifidobacterium catulorum sp. nov. (MRM 8.19 T ) is proposed. 
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